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to insert the tips within the wells. Some of the sample in the wells is aspirated into the pipettes through 
actuation o hungers in each pipette and, after raising the head, the table is incremented one or more steps 
t ^ bring anoC generally the next successive, row of wells into registry with the tips. The head is then 
owe red to insert the tips into the diluent in these wells and the plunger oscillated to mix the sample with 
he d Sent The head is then raised so that the pipette tip is just above the memscus of .quid «. , the weU 
after aM the liquid is expelled from the tip. The plunger is then extended to expel all of the liqu.d w.th the aid 
of some Excess a r from the pipettes and surface tension on any liquid between the tip and the well. The 
table is then trans atedio bring the rack housing the tips beneath the pipettes, and a soleno.d controlled tip 
lienor means is actuated to ?ush the tips from the tapered ends of the pipettes and back mto the rack^ 
Alternative?, the tips may be ejected through a slot in the table (or at another station on the table) mto a 
^Bh^n2!)r P contaln.r. The table then can be incremented one step to br.ng a fresh set 
reqistry with the pipettes, and the cycle repeated. In a preferred form the volume of each t.p .s greater than 
the S^volume of the titer tray receptacles so that all fluid is moved in and out of the receptacle wrthout 
substantial liauid contact with the plunger of the pipette. , . 

According to a preferred embodiment of the present invention, a detector can be provided to 
determine when the p^ettes fail to pick up all of the tips in a row, to thereby prevent the situation in which a 
samSin one well is not serially diluted into all the various desired concentrates through a.lur > t draw 
thTsample into a pipette because of a missing tip. Similarly, a detector to determine that all tips have been 
lifted from their respective pipettes prior to pick up of the next row of tips may be prov.ded. 
J The Zvement of all of the various elements of the machine can be monitored and I controMed I as 
desired by a computer, to thereby provide continuous monitoring of the process and flex.b.l.ty .n filling and 
transferring liquids for the serial dilution process. «.»<-, m h 

The present invention is discussed in greater detail hereinafter w.th reference to a preferred 
embodiment thereof illustrated in the accompanying drawings. tMt ,„ aB nt tho nrocont 

Fig. 1 is a perspective view of a serial dilution machine implementing the features of the present 

'"^Fig 0 ^ is a sectional side view of the serial dilution machine taken in the direction of arrows 2-2 in 

F ' 9 ' Fig 3 is an enlarged, sectional side view of one embodiment of a pipette tip in a tjp^support tray well; 
Fig 4 is an enlarged; sectional side view of a preferred form of pipette t.p supported m a tip tray well; 
Fig 5 is an enlarged, sectional side view of the plunger and pipette assembly; 
" Rg' 6 is a top view of the table showing the trays arranged thereon for a 12 x 7 d.luter configuration; 
E g 7 is a top view of the table showing the trays arranged for an 8 x 11 d. uter configuration. 
Fig. 8 is a sectional front view of the automatic serial dilution machine taken in the d.rect.on of arrows 

8— 8 in Fig. 1; 

Fig. 9 is a partial top plan view of the machine; 

Fig 10 is a sectional top view taken along the section line 10—10 of Fig. 8, 
Fio 11 is a sectional top view taken along the section line 11—11 of Fig. 8. 

Fig 12 is a perspective view of an alternate embodiment of a serial dilution machine mcludmg a flu.d 
transfer or supply tray between the tip supply tray and the microliter tray; 

Fig. 13 is top plan view of the Fig. 12 table embodiment; and 

Fig. 14 is a sectional side view taken in the direction of arrows 14-14 in F.g. 13. 

Referring to Figures 1 and 2, an automatic serial dilution mach.ne suitable for carrying out the method 
of theTesen invention includes two main movable parts, a horizontally translatable table 10 and a 
vertical^ assembly 12. As best illustrated in Fig. 2, the table 10 u ; ™unted for horizontal 

Snslation on h ardened guide rods T4 by means of slide bearings.16. Transition of the tab e ,s prov.ded by 
^stepper moto^ 18 through a pinion 20 connected to the motor and a rack 22 mounted™ the unders.de of 
the table Snarly, the head 12 is mounted for vertical translation oh guide rods 24 by means of slide 
bearings 2i. Tranion of the head assembly is provided by a stepper motor 28 through a p.n.on 30 and a 

"^The head assembly 12 supports a pipette and plunger assembly 34. This assembly includes a series of 
pipettes 36 or S M are arranged in a row transverse to the axis of translation of the table 10. The 
a peSes are removably attached to the head assembly by means of a mounting block 37, and connecting 
p ns 33 and move therewith. A plunger mechanism 38 is mounted on the head assembly ^for ^vert^al 
movement relative to the pipettes. The plunger mechanism includes a series of plunger rods 40, one being 
-disposed wfthln each pipette 36 All of the rods are mounted on a common actuator bar 42 for 

^SSSS^S^^m^t Thebar 42 is translated along guide rods 44 by means o a stepper motor 46 
and a eao screw drive mechanism 48. As best illustrated in the deta. ed sectional diagram of I Rg. . 5. 
translation of the plunger rods 40 relative to the pipettes 36 changes the .nternal volumes of the p.pettes 
c™ ng fluid to be aspirated into or expelled from them. An air tight seal .s prov.ded between each rod and 
the top of is associated pipette by means of an O-ring 49, held by gromme 47 and compl.ance spring ,45 
Each pipette 36 includes a piston section 39 which is reciprocably mounted in a cyl.nde 35 formed in 
siting block 37 Pipette 36 is thereby restrained vertically by spring 45 so that during the tip load.ng 
Sep P P ette 36 can slide vertically in block 37 against compliance spring 45. This allows all p.pettes to 
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reliably pick up tips of slightly different dimensions and to assure that the open ends of tips 62 are at the 
same elevation relative to table 10 and titer tray 54. 

. The table 10 includes two work stations 50 and 52 for respectively accommodating two travs One of 
the trays can be a conventional titer tray 54 that includes a matrix arrangement of wells for housinq the 
s- % liquid sample and the diluent. The other tray 56 at the rear work station 52 can be a tip tray that contains a 
IT^uSn^T of /. ecep i acles A tha f, acc ^ mmodate disposable pipette tips. A typical titer tray contains 
96 wells in a 12 x 8 matrix pattern. As illustrated in Fig. 6, the tray 54 can be accommodated at the forward 
work station 50 in a transverse orientation to perform a 12 x 7 serial dilution, wherein the first row of wells 
• is filled with a predetermined volume of the sample to be diluted, and the remaining wells are filled with the 
to diluent. In this case, the t.p tray 56 is also oriented to present twelve receptacles in a row across he width of 
the tray. Alternatively, as illustrated in Fig. 7, the trays 54 and 56 can be oriented in the lonqitudinal 
• direction of the table 10 to effect an 8 x 11 serial dilution. 'ongituainai 
Referring again to the detailed side view of Fig. 5, the bottom end 60 of each pipette 36 is tapered on its 
exterior surface so as to receive and frictionally engage the inner surface of disposable pipette tip 62 
is constructed in accordance with the present invention. For example, the tip 62 might be made of a non- 
wettable polypropylene material. The tips 62 in a row of wells or receptacles 63 in the tip tray 56 are 
inserted onto and engage the respective endsd of the pipettes 36 when the head assembly 12 is lowered by 
ndiSpH Th^r 28 ^ ft ta J? 10 h l S br0U 9 ht one row of ti P s 62 int ° r e9istry with the pipettes As 
20 barrel of p.pette 36 and the interior volume of the tip. As best seen in Figs. 4 and 5, support of each tin 62 in 
receptacle 63 of tray 56 is either by end support as in Fig. 4 or on ends of the bottom flStes 65 formed on the 
e^ofpIpSe receptacles 63 are arranged to center tip 62 for engagement with tapered end 

The subsequent removal of the tips 62 from the pipettes is accomplished with a tip ejector means The 
25 tip ejector means includes a comb-like plate 64 that is best illustrated in Fig. 1 1. The plate has reTesses that 
accommodate the pipettes, and its teeth surround a substantial portion, e.g., 180°, of the exterior 
circumference of each pipette barrel. The plate 64 is connected to and supported by a pa r of veScX 
translatable rods 66 mounted on the head assembly 12. These rods are translated by means of a *pa* of 
solenoids 68 mounted on the top of the head assembly. When the solenoids 68 are deactuated, the elector 
30 ZlT t ,S h mamta,ned ,n the "PP er P°f "Crated in Fig. 5. Actuation of the solenoids moves the Se 
^SSlS^S^S P th6tiPS 62 d ° Wn releasethem from their frictional engagement wXhe. 

its translation. Each time the ^^J^S^t£'SSSSS^ P; edete "™ ed reference P°i"t in 
microprocessor 70 that enables X^^^ 1 ^!^^ Xi'S^S 1 ^ ^ 

mSp^^ 

electrical-optical mechenism "comprising an LEO ^9 o simUer such noM .mi,, ? • M " ' nclude sn 
table end e photoelectric element 90 on the MherliSe cKe table ffSZ ™ K 0 " *- ' h9 
tow of pipettes 36. When one or more ripe 62 are pr" e „Twi»1„ ' ihe roTofwTlfc £ ™£ 9 " e .2 W ? *• 
sanaor, the light beam 82 from the LED will be broken and 7m ™k L ! ? e 9' slered «l* ««> 
Howeyer. if all of the tipa in a row are slcces ^ i^bX ^X^tt^ ^ "j 
across the tray 56 end be detected by the photoelectric Element By L™.T™v ■ m ,^' extend 

arsyssa poss,b,e * * 56 ^^^ssxss, ^ % 

Figs. 12 to 14 illustrate an alternative embodimentof ftemoyeable table' arrangement of the present 
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invention This embodiment includes another microtiter tray 88 between sample tray 54 and tip supply tray 
58 TraJ M mav contain either a liquid supply of biological material or a reagent for initially fill ng the titer 
trav receo?ades WhHe shown as a plurality of individual wells, tray 88 may be a common supply trough or 
2 Fo £m! le the fnitial charge of sample material may be injected into a first row of receptacles in tray 
S and afterTeXement of tips 62 from tray 56, the remaining wells in 56 filled with diluent transferred 
from another portion of tray 88 or a separate supply of liquid from another tray. As mentioned above after 
, 1 ninPttP tins mav be ejected into empty receptacles in tip tray 56. However, it is also contemplated that 
?£Ar nor, £ ^btoTJ^Id permit MllectlSrt of all used tips. This may either be a slot in table 10 not 
shown! [perSng dfdp "the tips'into a bin below the table, or a col.ection bin located at another po.rt.on 

°" ^n operation the automatic serial dilutor basically functions to pick up a row of tips in the. tray 56, insert 
»ho J, in onp nw of wells in the titer tray 54, extract some of the liquid sample from these wells, inject the 

bs to expel al" iqu end then return the tips to the tray 56. This operation is set forth in greater detail with 
references the 'following example of a program that can be used by the m.croprocessor to effect a serial 
dilution process. 



Step Command 



Action 
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20 001 Table to position M 

002 Head assembly down 

25 003 Head assembly up 

004 Detect for complete tip pick-up 

30 0 05 Table to position N 

006 Head assembly down 

35 007 Plunger up 

008 Head assembly up 

009 Table to position N + 1 



010 Head assembly down 

011 Oscillate plunger 

012. Head assembly up partially 

013 Plunger down 

014 Head assembly slightly further 

015 Plunger down beyond initial point 

016 Head assembly to top position 

017 Plunger up to initial point 

018 Table to position M 

019 Head down 

020 Tip ejector down 



Bring row M of tray 56 
under pipettes 

Load tips 

Pick up tips 

Yes: Go to 005 
No: go to 002 

Bring row N of tray 54 
under tips 

Insert tips in wells 

Aspirate sample into pipettes 

Remove tips from wells 

Bring next row of tray 54 
under tips 

Insert tips in wells 

Mix sample and diluent 

Tips just out of liquid in wells 

Expel sample from pipette 

Above meniscus 

Expel all of sample and some air 



Bring empty row of tray 56 under tips 
Insert tips in receptacles 
Release tips 
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Step Command 
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Action 



021 Tip ejector up 

022 Detect for complete Tip ejection Yes: Go to 023 

No: Go to 020 

023 Head assembly up 

024 M = M + 1, N = N + 1 

025 Table to position M 

026 Go to 002 

The cycle is repeated a number of times equal to the number of dilutions to be carried out Durinq anv 
given cycle steps 001—004 and 18—22 can be deleted if changing of the tips is not required. 

Prior to the initiation of a serial dilution operation, the microprocessor 70 can be programmed with the 
volume of liquid that is to be transferred during each cycle of the process. This amount determines the 
extent to which the plunger rods 40 are raised during step 007 of the program. This action, in turn 
determines the concentration of the sample in successive wells of the tray 54. For example, to obtain a 
dilution spectrum in which the concentration in one row is one-half that of the preceding row/the first row 
of wells might be filled with 100)1 of the sample and all other wells filled with 50)1 of diluent each The 
microprocessor would be set up to cause 50)1 to be transferred from one well to the next succeedina well 
during each cycle. y 

During step 01 1 , the plunger rods 40 can be oscillated up and down about 5 times to assure adeauate 
mixing. M 

At the beginning of each cycle of the serial dilution process, the plunger rods 40 are disposed at a 
predetermined calibration point within the pipettes. A Hall-effect sensor similar to the type described 
previously with respect to the table 10 can be used to monitor and control the position of the rods. In step 
number 01 4 of the program, after the sample and diluent have been mixed in step 011, the plunge/tips are 
raised so that they are just above the level of liquid in the wells in step 012 and the plunger is returned to 
the calibration pointto expel the liquid from the pipettes in step 013, the tips are raised to a point just above 
the meniscus of liquid in the receptacle. By then extending the plungers downwardly beyond the 
calibration point, ail liquid is expelled from the pipettes. This action effectively blows the liquid out of the 
pipettes by causing some air trapped within the pipette to also be ejected and permits any liquid remaining 
in the tips and extending between the tip and the receptacle to be drawn out of the tip by capillary action 
due to surface tension acting on the liquid. This step is particularly effective where the tip is made of a non- 
wettable plastic which as above noted is a preferred material. 

Although certain steps have been shown to be discrete, they can be executed simultaneously For 
example, steps 016 and 017 might take place at the same time. 

It will be appreciated by those of ordinary skill in the art that the present invention can be embodied in 
other specific forms without departing from the spirit or essential characteristics thereof. The presently 
disclosed embodiment is therefore considered in ail respects to be illustrative and not restrictive For 
example, where the term "stepper" motor has been used to describe the preferred embodiment of the 
motor drive means for table, head assembly and plunger mechanism, it will be apparent that other precise 
positioning means may be used, such as direct current servo motors. The scope of the invention 
accordingly is indicated by the appended claims. 

Claims 

1. An apparatus for handling small liquid samples during filling, transferring or mixing of such liquid 
samples by repetitive use of the same pipette (36) to transfer liquids between a plurality of sample 
receptacles (63) having different quantities or types of liquid therein which includes a plurality of pipettes 
(36), each having a piston section (39) and a pipette tip member (62) securable thereto for insertion into said 
sample receptacles (63) to withdraw liquids from or inject liquids into said receptacles (63), and a mounting 
block (37) having a cylinder. (35) formed therein for housing the piston section (39), a plunger (40) 
positioned in each said pipette (36) for reciprocal motion through said pipette (36), wherein a fluid seal 
(47, 49) is arranged between the plunger (40) and the cylinder (35), 

an elongated pipette tip member (62) for covering one end of said piston section (39) and forming a 
substantial portion of the fluid volume of said pipette (36), said tip member (62) having one end frictionally 
engageable with a portion of the sidewall surface of said piston section (39) to form a fluid seal with it 
characterized by ' 

reciprocal means (64) having a member slidably surrounding the exterior of said piston section to 
contact said tip member (62) to frictionally disengage said tip member (62) from said sidewall surface, 
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means (56, 63) for supporting a plurality of said pipette tip members (62) in a vertical position for 
sportive frictional enqaqement with said sidewall surface, * m 

means 32) for reciprocating each of said piston sections (39) to fncfonally engage sa>d t, P 

mem m b e e ans (66^8) ?of acSing said reciproca. means (64) to disengage said tip member (62) from said 

piston section (39), and 

an actuating means (28) for actuating the reciprocating means (30, 3-i). 

TlppSs in accordance with claim 1 wherein each of said pipettes .s res.l.ently mounted to said 
aooaratus to permit independent, relative movement between each said piston section (39). 
P TS«£Sln accordance with claim 1 or 2 wherein said plunger moving means includes a stepper 
motor (46) and a lead screw drive mechanism (48) interconnecting sa.d stepper motor (46) and said 

P ' U T Apparatus in accordance with any of claims 1 to 3, wherein the plurality of the pipettes (36) are 
arranoedTn a ow and form a plunger assembly (34), the plunger assembly (34Uhe reciproca means (64) 
w Ki Jinrtio members (62) from said sidewall surfaces, the means (66,68) for actuating said 
e i oca? 2s (64) ESSJS W?32) for reciprocating each of the piston section (39) are supported 
bv a head ^assSy (12),the head assembly (12) is translatable between upper and lower pos. ions along a 
Vertical expand means (28) are provided for moving said head assembly along said vertical axis 

5 Apparatus in accordance with any of claims 1 to 4 further comprising means (18. 20, 22) for 

20 h °TippT^ 5 wherein the means for horizontal movement, .emprises a 

steppermotor (18), a pinion (20) and a rack (22), which are mounted on the . underside o f he tebte (10) 
stepper moton , p ^ comprising controlling means ; (70) for controlling 

the ^SSS^SSSld^ means for movement of the pipettes (36), said plunger (40), sa.d reciprocal 

25 ^^S^^lSi^ of claims 1 to 7, further comprising sensor means (72, 74) for detecting 

th8 flS^*^™'* claim 8, further comprising limit sensors (76) which are disposed at the 
roenprtivp ends of the Dath of travel of the table (10). 

P m Apparatus acting to any of claims i to 9, further comprising sensor means (89, 90) for detecting 
thft nrpsence of tiD members (62) in said sample receptacles (63). 

the P^-^^P SSdlna to any of claims 6 to 10, characterized in that the controll.ng means (70) 
mnnitors the movements by controlling signals of said sensor means. .... , t 

2 A method of Operation of a computer to control a liquid handling device having a plurality o 
Dinettes wkh llectricalW operable plungers to alter their internal volumes for asp.rat.on and dispensing of 
rllS nd an electrically operable tip ejection mechanism and transport means including a 
awe drivTbt ^^me P chalm und r "econ'trol of said computer for horizontally moving liquid receptee^ 
n a firs : work station and including a head assembly driven by a mechanism under the control o sa d 
comouter for transporting the pipettes so that the disposable tips may be placed ma plurality of liquid 
JeceStacle ar ranged on slid table, at least some of said liquid receptacles haying liquid therein and having 
at leasfone row of said disposable tips stored in a second work station on said tab e for automatic transfer 
of iqu samples between said plurality of liquid receptacles, the method comprising the steps of: 

a) caS the computer to run a program which causes said computer to issue the proper electrical 
commands to 9 sa id electrically operable plungers of said pipettes, said driving mechanisms for sa.d table 
« an? head assembly of said transport means and to said tip ejection mechanism to cause the following 

Sa^n&r a row of pipette tips stored on said second work station with the 

PiP T?owering s^fohead^asse^b.y and said pipettes to engage a row of said disposable tips in the 
» reaiste ed row and raise said head assembly to pick up the engaged t.ps w.th sa.d P'Pettes; 
■ 9 d) movir,g said table to index at least some of said liquid containing receptacles at sa.d first work 

^SX^ZSSSSSR so as to insert the engaged tips in the liquid in said liquid hcontainfog 
receptades and moving said plunger so as to withdraw at least some of the l.qu.d therefrom mto sa.d 

55 pipettes; 

f) raising said head assembly and pipettes; 

q) moving said table to index one or more other liquid receptacles under sa.d p.pettes; 
h) leering s^d head assembly and pipettes and moving said plungers so as to expel the l.qu.d .n sa.d 
pipettes into the other receptacles; 
" i) mLlVtte S tTbTn^a^ at said second work station into alignment with said 

PiPe k)m ; ove head down and move tip ejection mechanism so as to discharge said engaged tips from said 
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13. The method of claim 12 which includes repeating the steps for a set of unused tips and a new sp. nf 
liquid l receptacles until a desired number of transfers or dilutions are completed * ° f 

| M «t 1L i" 6 ? C 't im •L 2 -° r 13 Wherein the step of spelling liquid into said receptacle includes at 
5 ? T ""?♦ " qU,d J nt ° Said rece P tac,e ' movi "9 said plunger so as to aspirate liquid from safd 

,0 sa ' d P'P ettas and a 9 ai " moving said plunger so as to expel liquid from said pipettVs to effect 
mixing of the contents of said receptacle with the added liquid. H'penes to enect 

15. The method of any of claims 12 to 14 wherein expelling of liquids in said pipettes in sten fh> 

!S2£i2?! on ? f 3 plunger in e , achpipette whi,e said ^ s are * st ab ° va the mS^^ quW Wd 

70 and fS? receptacle "* " Said t,PS thr ° Ugh Capi " arV attraction between •*« «S 

^ 17. The method of claim 12 wherein said tips are discharged onto said second work station during step 

" ejected JftJrTteplk) ° f ^ " ^ St8P ° f deteCting whether a " ^ have been 

*ro£*T*^£T ° f C ' aimS ^ * ™ "«* d) thr ° U9h 0 are re P eated bef °- 1> 

20 20. The method of any of claims 1 2 to 18 which includes repeating steps b) through I) for successivp 

Patentanspruche 

25 

1. Vorrichtung zum Handhaben von kleinen FlussigkeitSDroben beim Fullpn l''lhpr+ ra « Q „ „w u 
solcher Flussigkeitsproben durch wiederholte Veiwandung K gtoSen M oS^S^SS. 
Flussigkeiten zwischen mehreren Probenbehaltern (63) mit darin befindlich?n Ufaa rtragen von 

ItolbSS, Sfi" Man ? en ° der Arten von Flussigkeiten, mit mehreren Pipetten (36), die ieweils einen 
h^Z^T (3 ? i ,nd - e ! n P'Pettenspteenelement (62) aufweisen, das zum EinfChren in dTe Proben 
behalter (63) daran befest.gbar 1st, so daS Flussigkeiten entwederaus den BehaftoVffiES^m.lS^ 
Sb'S SEn^rtr n Wf 8 ") Befestigungsblock (37) mit einem ^J5^& z3fc£ 
(35) zur Aufnahme des Kolbenabschnitts (39 , einem in der Pipette (36) anqeordneten Kolhpn Mn 1 

Saga vss -sxtttssSsg £IBSt 

ems Einnchtung (56, 631 zum Tragen mehrersr Pipetten-Sptaenelemente (621 in einer senkr.,h,»„ 
ain? S* 1 "™ ^bu-gsscWOsXgen Ineingrlffn.hm.nmlt der Seitiwand^T 5enkrech,en 

50 rvn^h! 9 "" 9861 ^ ? tUn9 ( u 8) ZUm Betati 9 en der sich hin- und herbewegenden Einrichtunq (30 32) 
2. Vomchtung nach Anspruch 1, wobei jede der Pipetten federnd an der Vorrichtunc ihSS^ i ' 
wodurch e.ne unabhangige, relative Bewegung zwischen jedem KSSSnS^mmSd!^ ' 

4. Vomchtung nach einem der Anspruche 1 bis 3, wobei die mehreren PinettPn Hfil in D u 
h e ?bp°: dnet h"^"' t e Ko ! bena " ord ™"9 (34) bi.den wobei die kSEZo^ 
BhriZEtt miSS. W T L6 l en u- der S P it2enele - a "te (62) von den SeSeL^the^ 
(30 aff X * „ u B u tat ' 9en der Slch hln - und herbewegenden Einrichtung (64) und die Einrichtuna 
(30 32) zum H n- und Herbewegen jedes Kolbenabschnitts (39) von einer Kopfanordnunc . (12 SIo".?, 

hnnVnn^iTp htUn9 nac *. eine ™ der Anspruche 1 bis 4, ferner mit einer Einrichtung (18, 20 22) fur eine 
honzontale Bewegung ernes Tisches (10). ' r eme 

6. Vorrichtung nach Anspruch 5, wobei die Einrichtung fur die Horizontalbewegung einen Schrittmotor 
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(18) ein Ritzel (20) und eine Zahnstange (22) aufweist, die an der Unterseite des Tisches (1J 0) befestigt sind 

7 Vorrichtung nach einem der Anspruche 1 bis 6, ferner mit einer Steuere.nnchtung (70) zum Steuern 
des Ltriebs wie jeder Betitigungseinrichtung fur die Bewegung der Pipetten (36), des Kolbens (40), der 
sich hin- und herbewegenden Einrichtung (64) und des Tisches (10). 

8 Vorrichtung nach einem der Anspruche 1 bis 7, ferner m.t Sensoremnchtungen (72,74) zum 

^5S£5?^ mit Grenzsensoren (76), die an den jewei.igen Enden des 

ois 3 ferner mit Sensoreinrichtungen (89,30, zum 

einrichtunq (70) die Bewegungen Oberwacht mit Hilfe von Steuers.gnalen der Sensoremnchtungen 

iTverfahren zum Betrieb eines Computers zum Steuern einer Fluss gkerts-Handhabungsvorr.chtung 
m ;t mthrPrLn Pioetten die elektrisch betatigbare Kolben aufweist zum Verandern des mneren Vo umens 
zum ^Tufnehmerund Ab^ben von Flussigkeit, abnehmbaren Spitzen und einer elektrisch betatigbaren 
c^rnlb^me^anik und mit einer Transporteinrichtung, die einen durch eine computergesteuerte 
M^lKS£?i elne horizontal Bewegung von Flussigkeitsbehaltern in einer ersten 

SKSSSnd eine durch eine computergesteuerte Mechanik angetnebene Kopfanordnung 
zum Transportieren der Pipetten aufweist, so daB die Wegwerfspitzen in mehrere .n dem TIsch 
anoUdne^ angeordnet werden konnen, wobei mindestens e.n.ge der flussigterts- 

behltter FIOss gke t enthalten und wobei mindestens eine Reihe der Wegwerfsp.tzen m e.ner zweiten 
Ar£e ssta ion gelagert sind zum automatischen Obertragen von Flussigke.tsproben zwischen den 
m^ThrprPn FIQssiakeitsbehaltern, wobei das Verfahren folgende Schntte aufweist: 

a) BewiS daf der Computer ein Programm durchlauft, wodurch der Computer d e richtigen 
•ipictriJiZ Befehle an die elektrisch betatigbaren Kolben der Pipetten, an die Antriebsmechan.ken fur den 
£* urn !"«£ ; KopfanoJdnTng der Transporteinrichtung und an die SpitzenausstoBmechanik l.efert, 

W °TbXT^^ ^testation ge.agerten Pipettem 

spitzen in ^^der ausgerich?eten Reiheund Anheben der -Kopfanordnung zum Aufnehmen der in E.ngnff 

B " b ^^ Tth^TOmlnd«t.n. einige der Flussigkeit entha.tenden Behalter an der ersten 
Arheitsstation unter der Pipettenreihe zu liegen kommen, . 

e Beweqen der Kopfanordnung, so daB die in Eingriff gebrachten Spitzen in die Flussigkeit der 
Fluss%keTenTaUenden P Behalter eingefuhrt werden und Bewegen des Kolbens, so daB mindestens em 
Teil der Flussigkeit daraus in die Pipetten entnommen wird, 

Xte"" HOssigkeitsbehalter unter den Pipetten zu 

,ie9e h) AbTe m nke n n der Kopfanordnung und der Pipetten und Bewegen der Kolben, so daB die Flussigkeit in 

den Pipetten in die anderen Behalter ausgestoBen wird, 

i) Anheben der Kopfanordnung und der Pipetten, u-:»..»»»i„r. m :t h»„ 

J) Bewegen des Tisches, so daB eine ausgewahlte Position an der zweiten Arbe.tsstat.on m.t den 

'''TAbsXnt Sfes und Bewegen der SpitzenausstoBmechanik, so daB die in Eingriff gebrachten 
Spitzen von den Pipetten abgeworfen werden* 

' ?3^1Sr.? nKpmTSi. wobei die Schritte fur einen Satz ungebrauchter Spitzen und einen 
neuer ,SaZ : von RusSkSehaltern wiederholt werden, bis eine gewunschte Anzahl von Ubertragungen 

^U^^S^S^^ 13. wobei der Schritt beim AusstoBen von Flussigkeit in den 
Bender na^ d * n Beh5lter mindestens einmal den folgenden Vorgang 

auS Bewegen des Kolbens, so daB Flussigkeit aus dem Behalter in die Pipetten aufgenommen wird 
un^ neut dTs 9 Bewegen des Kolbens, so daB die Flussigkeit aus den Pipetten ausgestoBen wird, so daB 
e"n M schen der Inhalte der Behalter mit den zugefugten Flussigkeiten bewrkt w.rd. 

1? Verfahren nach einem der Anspruche 12 bis 14, wobei das AusstoBen von Fluss.gke.ten in den 
Pioetten im Schritt (h) umfaSt Betatigen eines Kolbens in jeder Pipette, wahrend die Spiteen kurz oberhalb 
Z Eskus ^der Flussigkeit in den Beha.tern sind, so daB etwaige Flussigke.tsreste in den Sp.teen . durch 

Spi ?7 n iSX^^ - zweite Arbeits- 

station abgeladen werden. 
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S^Si^^iS^ 12 ' mit d6m weiteren .Schritt zum Detelctieren, ob a..e Spitzen nach dem 

bevol^esthHtte Jb£ oS^&?SS? 12 18 * W ° b6i * ^ d) b ' S » Wiederho,t 

20. Verfahren nach einem der Anspriiche 12 bis 18, wobei die Schritte b) bis I) fur aufeinanderfoloende 
KlT U A nd ""^n&rfolgende Behalter an zugehorigen Arbeitsstationen wiederholt werden 

bis eine bestimmte Anzahl von Ubertragungen oder Verdunnungen abgeschlossen ist. wera en. 

Revendications 

1. Appareil pour la manipulation de petits echantillons liquides pendant le remolissaoe Ip trancfo* 
e melange de ces echantillons liquides par utilisation repetitive de lam^B^Ml^^r!^^,^ 
hquides entre plusieurs receptacles a echantillons (63) contenant differemes quant tes u Zm^JZ 

- qu LTr nd piusieurs pipettes ,36 > c ° m p° rtant *aSs^ q ,:ssrs 8 ou pSs?s %z 

embout de pipette 62) pouvanty etre fixe en vue d'une introduction dans les receptacles a Sntillnnfl^S 
pour souhrer des Hquides des receptacles (63) ou y injecter des liquides, e un bToc df molSo? H^i 

^e^^SS? !? 5) de /- T 4 ,oger la section de pis *° n ^ ^ <S2 SSSS SoXcl 

aans chaque pipette (36) afin de se deplacer en va-et-vient a travers la DinPttP mr» ..n 5» »» T - p a 
fluide (47, 49) etant prevu entre le plongeur (40) et le cyHndre 05? ' d etancheite au 

un long embout de pipette (62) pour couvrir une extremite de'la section de oiston (39) Pt former 

ESS 

caracterise par 

,prt£n d l S K-°f tif t va ; et " vient f 64 > comportant un element entourant a' coulissement I'exterieur de la 
2 SSSffi V6mr " °° ntaCt 9VeC '' embout < 62 > da 9 a ^r cet embout (62, pSSSJn?. la 

vue da - - P-*n vertical en 

afin^glK 

^£Z?n S) ■S P ° Ur aCtl '° nner ' e diSP ° Sitif 3 Va - etlvient (64) afIn de d(§ 9 aaer ''-"bout (62) de la 

un dispositif d'actionnement (28) pour actionner le dispositif (30, 32) 
i».™T Ppa , re 'L SU,Vant la revendica t''on Vdans lequel chacune des pipettes est montee elastiouempnt «,r 

4. Appareil suivant I'une quelconque des revendications 1 a 3, dans lequel les oioettes (3fi» , n „t 
d sposees en une rangee et forment un ensemble de plongeurs (34) I'ensemble de nEf.ri ?™ ? 
dispositrf a va-et-vient (64) pour degager les embouts (62) des surfaces S Carols taoM? ta. i J' '* 

20 ^» A n P r rei1 suiva t nt ''r, e quelconque des revendications 1 a 4 comprenant, en outre, un dispositif (18 
20, 22) pour assurer le deplacement horizontal de la table (10) aispositit (18, 

P 8 Ce An«ln1 P ' Pet ! e ,' (36> ' dU , P, ° ngeUr (40) ' dispositif a' va-et-vient 64) et ff?SS (5) ' 
(72,%uTd'S 1 4 7 «~ « de^apteurs 

disposeTux^ 

(89 JSi n^iL^T ''" ne que !? ona . ue des revendications 1 a 9 comprenant, en outre, des caoteurs 
(89, 90) pour detector la presence d'embouts (62) dans les receptacles a echantillons (63) P 

11. Appareil su.vant I une quelconque des revendications 6 a 10, caracterise en ce oue le dfcnncit* 
commande (70) surveille les deplacements en controlant les signaux des caoteurs q P ° S ' t,f de 

1 2. Procede de mise en oeuvre d'un ordinateur pour commander un dispositif maniDulateur Hp i!n..w Q 
comportant plus eurs pipettes avec des plongeurs actionnes electriquement w^SSS2S»^5S2? 
mteneurs afm d'aspirer et de debitor du liquide, des embouts amovibles St o^S^e^on 
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d'embouts actionne electriquement, ainsi qu'un dispositif de transport comprenant une > table ^trainee par 
un mecanisme sous la commande de I'ordinateur pour deplacer honzontalement des receptacles a l.qu.de 
danT un premier poste de travail et comprenant une tete entratnee par un mecanisme sous la commande 
Z rordiJZ po'ur transporter les pipettes de telle fagon que les ^^.J at ^ l »S^n£^ ■ 
dans plusieurs receptacles a Hquide disposes sur la table, au moins certa.ns receptacles a Uqu.de contenant 
du liqukte e comoortant une rangee d'embouts jetables stockes dans un second poste de travail sur la 
ti^£S!SSu automatiquement des echantillons liquides entre les d.vers receptacles a l.qu.de, ce 

PT0C ^:SS^^^^ .e force a emettre les ordres electees adequate ve.les 
plongeurs de pipettes actionnes electriquement, les mecanismes d'entraTnement pour la table et la tete du 
SisposiS de transport et le mecanisme d'ejection d'embouts afin d'amener les deplacements su.vants a se 

d ' r °b) la fable estdeplacee pour amener une rangee d'embouts de pipettes stockes sur le second poste de 
travail en coincidence avec les pipettes prevues sur la tete; 

c la tete et les pipettes son? abaissees pour engager une rangee des embouts jetables const, "ant a 
ranqee coTncidente et la tete est elevee pour saisir les embouts engages en meme temps que les pipettes, 
d) l la table eS deplacee pour amener au moins certains des receptacles contenant du liqu.de au premier 

P ° St :,1: St^ P £eet ™ embout, engages dans le Hquide present dans les 

receptacles contenant du Hquide et les plongeurs sont deplaces de man.ere a sout.rer au moms une 
fraction du liquide dans les pipettes; 

f\ i a tete et les pipettes sont deplacees vers le haut; _j a 

g) la table est deplacee pour amener un ou plusieurs autres receptacles a l.qu.de en dessous des 

PiPe h) e |a tete et les pipettes sont abaissees et les plongeurs sont deplaces de maniere a expulser le liquide 
contenu dans les pipettes dans les autres receptacles; 

\) la tete et les pipettes sont d6plac6es vers le haut; .... , 

j) la table est deplacee pour amener une position choisie au second poste de travail .en l.gne avec les 

PlPe k)?atete est abaissee et le mecanisme d'ejection des embouts est deplace de maniere a decharger les 
embouts engages des pipettes, et 

13 3 Pro^S lufttlrrt® aTSiiliKHSBtf on 12, suivant lequei les operations sont r§petees pour un jeu 
d'embouts non utilises et pour un nouveau jeu de receptacles a liquide jusqu'a ce qu un nombre souhaite. 
9c de transferts ou de dilutions aient ete effectues. • 

35 d6 14 Proced6 suivant la revendication 12 ou 13, dans lequei ('operation constant a expu ser du l.qu.de 
dans le r/ceptacle comprend au moins, apres avoir expulse du liquide dans le rec.p.ent, un deplacement du 
pfongeur en vue d'aspirer du liquide du receptacle dans les pipettes et un nouveau placement * 
plongeur de maniere I expulser du liquide des pipettes en vue de melanger le l.qu.de present dans les 

40 ^T?^V^Z^:t^e des revendications 12 a 14, dans lequei .'expulsion de liquides 
dans des pipettes dans ('operation h) comprend I'actionnement d'un plongeur dans chaque pipette tand.s 
oue les embouts se trouvent juste au-dessus du menisque l.qu.de present dans les receptacles afin 
d'expulser tout liquide residuel dans les embouts par attraction capillaire entre le liquide dans les embouts. 

<s et le receptacle que | C onque des revendications 12 a 15 comprenant, en outre, ('operation qui 

consiste a detecter si tous les embouts d'une rangee sont effectivement sa.s.s pendan I opM«j. 
17. Precede suivant la revendication 12, dans lequei les embouts sont decharges sur le second poste de 

50 tra 1k P Pro d c2rs P u1vanr.a k> 'revendication 12, qui comprend .'operation supplemental consistent a 
detecter si tous les embouts ont ete ejectes apres I'operation k). 

19 Precede suivant I'une quelconque des revendications 12 4 18, dans lequei les operations d) a i) sont 
repetees avant que les operations j) a I) soient executees. ^ v „ 0 . . a~a*:*:^ 

20 Procede^ suivant I'une quelconque des revendications 12 h 18, qui comprend la repetition des 
S5 operations d) a I) pour des rangees successes d'embouts et des receptac es successes aux postes de 

travai respectifs usqu'a ce qu'un nombre souhaite de transferts ou de dilutions aient ete effectues. 



10 



15 



20 



25 



30 



60 



65 



EP 0 114 686 B1 




EP 0 114 686 B1 



54 



w 




Y///A///A 



s 



T 

76 




=00000000 

oooooooo 
oooooooo 
oooooooo 
oooooooo 
oooooooo 
oooooooo 
oooooooo 
oooooooo 
oooooooo 
oooooooo 
oooooooo 




=60000000 
oooooooo 
oorr 00 

OOC c 30 
OO JCG O 
OOC OOC ">0 
OOC "50C )0 
OC OC ;0 

00 00 

OOO JOO 
OOOOjOOO 

pooooooo 



74 72 



63 




EP 0 114 686 B1 




oooooooo 
ooooo oo* 
ooo o 
oo c o 

O CI 

O u , O ) 

C OO -> 

C ' OOC O 3 

u n n 
Oo JO 
OOO OO 
OOOOOv, oo 



7 



oo 
oo 
oo 
o ■» 

C "D 
C 3 
C ") 
O 0 
CO 

c o 
c o 
oo 



oooooooo 


oooor 


oo 


ooc- 


}0 


oc c 


o 


oc o 




OC JOC 




C OC 




O- ni 




O 


ooo - 


OC v. 


OOO 


OOuo 




OOOOOOwO 



JO 



54 



72 88 



56 



ii 



54 



88 



56 



